Background: The uptake of arsenic by vegetables from soil irrigated with arsenic enriched groundwater poses a major health hazard. The edible portion of these vegetables transfer arsenic to the human beings. The uptake of arsenic was studied in bean (Phaseolus vulgaris L.) and lettuce (Lactuca sativa L.) in a controlled greenhouse pot culture with calcareous sandy soil as substrate. The plants were irrigated with water containing sodium arsenate at concentrations 0.1, 0.25 and 0.5 mg L − 1 . The total arsenic concentration of the different plants parts was determined by ICP-MS, following microwave-assisted acid digestion. The change in plant biomass production and essential macroelements (Mg, P, K) and microelements concentration (Fe, Mn, Cu, Zn) was also studied. Results: The As concentration in the bean was in the order: root>stem>leaf>bean fruit and in lettuce: root>leaves. At the highest dose (0.5 mg L − 1 ) the As concentration in the bean fruit and lettuce leaves was 22.1 μg kg − 1 and 1207.5 μg kg − 1 DW, respectively. Increasing As concentration in the irrigation water resulted in decreased edible biomass production in bean, while in lettuce the edible biomass production increased. Neither plant exhibited any visible toxicity symptoms. No significant change was observed in the macro and microelements concentration. The total and the water-soluble arsenic in soil amounted to 3.5 mg kg − 1 and 0.023 mg kg − 1 , respectively. The transfer factor was found to increase with increase in the As treatment applied. The transfer factor range for bean from root to fruit was 0.003-0.005, and for lettuce from root to leaves was 0.14-0.24.
Introduction
Climate change increases the frequency and duration of droughts resulting in a significant reduction in agricultural yields. Intensifying irrigation may be the solution for this problem. However, when using groundwater, it is necessary to check its chemical composition with particular regard to toxic elements such as arsenic. Arsenic contamination of the groundwater and soil is a major environmental toxicity issue, especially in South-east Asia and in countries like China, Hungary, Iceland, Mexico, Chile, Argentina, Brazil, and USA (Santra et al. 2013; Sarkar & Paul 2016) . Arsenic concentration in the groundwater in Hungary ranges between 0.02-0.1 mg L − 1 (Varsanyi & Kovacs 2006) . Arsenic release into the environment can occur naturally from the soil parent materials and anthropogenically through irrigation, mining, combustion of fossil fuels and use of arsenical pesticides (Ascher et al. 2009 ). The use of As-rich groundwater for irrigation can lead to accumulation of high levels of As in the soil and plants, impacting crop productivity and increasing As concentration in the food chain . Arsenic exists in the environment in both organic and inorganic forms, but the inorganic species, arsenate and arsenite are abundant in the soil and groundwater (Abedin et al. 2002; Sarkar & Paul 2016) . Phytoavailable As depends on total As and bioavailable As, pH, redox potential, organic matter, free CaCO 3 , Fe, Mn and P, soil microbes and soil type (Brammer & Ravenscroft 2009; Saifullah et al. 2018) . As being a nonessential element for plants is transported through transport channels of other elements. Arsenate being chemically similar to phosphate is up-taken by phosphate transporters into the root and shoot. Arsenite and methylated As species are up-taken through aquaglyceroporins, predominantly nodulin 26-like intrinsic protein (NIP) . The xylem to phloem loading and subsequent transfer to seeds is not very well understood but recent research in Arabidopsis revealed the involvement of inositol transporter (INTs) (Awasthi et al. 2017) . Effects of As toxicity on plants include growth inhibition, leaf wilting, curling and burning, chlorosis and necrosis (Shaibur et al. 2008) . The major As intake pathway for humans is oral, from drinking water and food (through the groundwater-soil-plant system) (Lu et al. 2010; Bakhat et al. 2017) . The recommended As concentration in drinking water is 10 μg L − 1 (WHO 1993) . The JECFA recommended maximum tolerable daily intake (MTDI) limit in food was 2.1 μg kg − 1 body weight (FAO-WHO 1988) . This value was withdrawn later because studies indicated that inorganic As in range 2-7 μg kg − 1 bw per day increased incidence of lung, urinary bladder and skin cancer. The (JECFA 2011) and (EFSA 2009 ) have both proposed a range of As concentration values considered to be safe (0.1-3 μg kg − 1 bw per day and 0.37-1.22 μg kg − 1 bw per day, respectively). Since these values have not been officially accepted so we have used the previously accepted value of 2.1 μg kg − 1 bw per day.
The As uptake by vegetables has been reported in various scientific literature (Warren et al. 2003; Das et al. 2004; Huq et al. 2006; Gusman et al. 2013a; Uddh-Soderberg et al. 2015) . Plants have been found to accumulate the highest As concentration in the roots and the lowest in the edible parts (Lu et al. 2010) . Sadee et al. (2016) studied As uptake in broad bean (Vicia faba) in loamy soil, with soil and irrigation water As concentration 5.32 mg kg − 1 and 1.06 μg L − 1 , respectively. The maximum concentration of As was observed in the roots (78%) while the edible part contained only 0.133 mg kg − 1 DW. The concentration was in the order of root>leaf>pod>stem>bean. In a study by Stazi et al. (2016 ) on tomato grown in sandy soil irrigated with water containing As concentration of 0.1 mg L − 1 , As accumulation in roots was 8.11-24.2 mg kg − 1 DW, while the fruits contained 0.08-0.11 mg kg − 1 DW. Juhasz et al. (2008) studied As in the edible parts of lettuce, radish and mung beans at concentration of 2 mg L − 1 in hydroponic solution and found the concentration in the order: lettuce (4.4 mg kg − 1 DW) < mung beans (11.3 mg kg − 1 DW) < radish (84.2 mg kg − 1 DW). Huang et al. (2006) studied vegetables grown in alluvial agricultural soil having 6.04 mg kg − 1 As content and found the total As accumulation in the following order: eggplant (3.8 μg kg − 1 ) < radish (7.8 μg kg − 1 ) < cabbage (7.8 μg kg − 1 ) < cauliflower (14.6 μg kg − 1 ) < lettuce (23.3 μg kg − 1 ) < onion (31.9 μg kg − 1 ) < leaf mustard (59 μg kg − 1 DW). Some plants grown at high As concentration accumulate very high amounts of As which leads to stunted growth and loss of biomass production. Malik et al. (2012) in mung bean (Phaseolus aureus) grown hydroponically with As treatment (2.5, 5.0, 10 μM) found the As accumulation to be 8.3, 24.6 and 40 mg kg − 1 DW. The root and shoot growth were severely inhibited by 63 and 61% at 10 μM. In some tolerant plants As accumulates in the plant tissues at a very high concentration without any toxic effect on the plant. In lettuce, Gusman et al. (2013a) studied As (V) in a nutrient solution of concentration ranging 0.5-4 mg L − 1 , and found As(V) accumulation in leaves to be 34.94 mg kg − 1 DW, at the highest treatment. , in Japanese mustard spinach (Brassica rapa) grown hydroponically with NaAsO 2 at 0, 0.5, 2.5 and 5 mg L − 1 concentrations, found that the plant accumulated high levels of As at the highest treatment (shoot: 90 mg kg − 1 , root: 4840 mg kg − 1 DW), unfit for human consumption without showing any toxicity symptoms except slight reduction in growth. The amount of As accumulated by the plant depends on the transfer factor, which is controlled by the plant species and the soil As concentration. Some plants can accumulate high amount of As and are called as hyperaccumulators (Oliveira et al. 2017) .
Most of the studies conducted on As uptake have focused on uptake from soils or irrigation water with very high As content, but groundwater applied for irrigation in Hungary contains relatively lower As content (0.02-0.1 mg As L − 1 ). Therefore, a greenhouse experiment was carried out with the objective of determining the As effect on the growth of bean and lettuce, concentration and distribution of As in the plants, and the influence of As on the macroelements (Mg, P, K) and microelements (Fe, Mn, Cu, Zn) profile of the edible plant part. The study also aimed at providing information to the growers about the As level in the irrigation water at which the plants would have maximum biomass productivity and minimum toxicity symptoms.
Materials and methods

Plant cultivation
Pot experiments were carried out in a climatic chamber at controlled temperature and light conditions (25-27°C/17°C for day/night and 16 h lighting at 500 μmol/ m 2 /s). Rhizoboxes were filled with calcareous sandy soil (0.87 L/1000 g) and watered until 60% of field capacity.
Pregerminated seeds of bean (Phaseolus vulgaris L., variety: Golden Goal) and lettuce (Lactuca sativa L., variety: "Mályus királya") were planted in each rhizobox and irrigated with tap water three times a week. Irrigation was supplemented by nutrient solution (Hoagland solution) and Na 2 HAsO 4 .7H 2 O solution (0.10, 0.25 and 0.50 mg As L − 1 ), from the third week. In bean, 630 ml of Hoagland solution and 0.93 L Na 2 HAsO 4 .7H 2 O solution were added, while, in lettuce 780 ml of Hoagland solution and 0.921 L Na 2 HAsO 4 .7H 2 O solution were added. A random experimental design was applied with 5 parallel plants in all treatments.
Sampling and sample preparation
Bean (root, stem, leaves, fruit) and lettuce (roots, leaves) plant parts were collected at the fruiting or mature stage. The samples were washed using deionized water, after which their fresh weights were obtained. All samples were then dried in a laboratory dryer at 40°C for 48 h. The samples were homogenized using an agate pestle and mortar and then stored in a cool, dry place until analysis.
Chemicals and reagents
All chemicals used for the digestion procedure and elemental analysis were of analytical grade. Milli-Q water (18 MΩ cm − 1 ) produced by ELGA Ultra Purelab unit (VWS Ltd., High Wycombe, UK) was used throughout the experiment for dilutions and to prepare standards. Arsenic standards were prepared from sodium arsenate (Na 2 HAsO 4 .7H 2 O) (Sigma Aldrich Ltd., Hungary). For analysis of other elements ICP-MS multi-element standard solution (110,580 Merck Ltd., Hungary) was applied. Accuracy of the analytical measurements was determined by using CRM, NIST 1573a Tomato leaf (National Institute of Standards and Technology, Gaithersburg, MD) as reference material. The total As recovery was 101%, while the recoveries of the other macroelements and microelements were between 90 and 106%.
Elemental analysis of plant parts
The dried plant samples were mineralized using the Analytik Jena Top Wave (Analytik Jena, Germany) microwave-assisted acidic digestion system. 0.3 g of the plant samples and 7 ml of HNO 3 (67%) and 3 ml of H 2 O 2 (30%) were placed into the Teflon vessels of 100 ml each. The digestion procedure was performed applying a three-step heating program at temperatures of 90, 160 and 200°C for 20, 15 and 15 min, respectively. The digested samples were then transferred into volumetric flasks and the volume made up to 25 ml with Milli-Q water. The concentrations of total and water-soluble arsenic as well as macroelements (Mg, P, K) and microelements (Fe, Mn, Cu, Zn) were determined by inductivelycoupled plasma mass spectrometer (ICP-MS), Analytik Jena Plasma Quant MS Elite (Analytik Jena, Germany) applying 45 Sc, 89 Y and 115 In isotopes as internal standards.
Soil characterization
Calcareous sandy top soil (0-30 cm) collected from Őrbottyán, Hungary (47 o 40 ' N, 19 o 14 ' E) was used as substrate. The pH was measured according to the Hungarian Standard (MSZ-08-0206/2:1978) in 1:2.5 soil:1 M KCl and 1:2.5 soil: water suspension 12 h after mixing. The OM content was determined by the modified Walkley-Black method (MSZ-08-0452:1980). Plant-available P and K concentrations were determined after extraction with ammonium-acetate lactate (Egnér et al. 1960) . The total N content was measured by Kjeldahl method (ISO 11261: 1995) . The NH 4 -N and NO 3 -N concentrations were measured from KCl extracts according to the Hungarian Standard (MSZ 20135:1999) . The CaCO 3 content was measured using the Scheibler gas-volumetric method (MSZ-08-0206/2:1978). The pseudo total element concentrations were determined from the samples in aqua regia extract (MSZ 21470-50:2006) and the CEC values with modified method of Mehlich (MSZ-08-0215:1978). The water-soluble As concentration was determined in a soilwater ratio of 1:10 (MSZ 21470-50:2006).
Transfer factor
The transfer factor for As was calculated according to Dwivedi et al. (2010) , where, S-As, L-As, F-As and R-As is the As concentration of the stem, leaves, fruit and root, respectively. [TF = (S-As + L-As + F-As / R-As)].
Statistical analysis
Bartlett test was carried out to check the homogeneity of variance and Shapiro-Wilk normality test was done to check normal distribution. ANOVA was made in one factorial design, if the assumptions were fulfilled and Tukey multiple comparisons of means was applied as post hoc test. Kruskal-Wallis rank sum test was carried out in case of the assumptions were violated, combined with Nemenyi's test of multiple comparisons for independent samples as post hoc comparison. Statistical analysis was made by R statistical software (R Core Team, 2018) and DescTools package (Signorell 2018) .
Results
Physical and chemical properties of the soil
The physico-chemical parameters of the soil are given in Table 1 and some important ones are mentioned below. The pH of the selected calcareous sandy soil was 7.7. The soil contained 81% sand and 6% clay. The soil contained a high amount of Fe (8.42 g kg − 1 ) and relatively low organic matter content. The water-soluble and total soil As content was 0.023 mg kg − 1 and 3.50 mg kg − 1 , respectively. Only 0.66% of the As was water-soluble.
Effect of different arsenic treatments on the bean and lettuce plants growth
As toxicity symptoms were not observed in any plant at any treatment level. In bean, the biomass production was calculated at the fruiting stage to understand the effect of the As treatments on the bean fruit production (Fig. 1a ). The plants parts displayed varying behavior at the As treatments of 0.1, 0.25 and 0.5 mg L − 1 . In case of roots, the biomass production as compared to the control, increased with the treatment applied (− 1.3, 11.3 and 40.2%). In stem and leaves, the biomass production increased till the dosage of 0.25 mg L − 1 and decreased at 0.50 mg L − 1 , indicating that a dosage of more than 0.25 mg L − 1 is harmful to the plant. In the bean fruit, the biomass production displayed a negative trend to that of the root, depicting a drastic decrease in the biomass with increasing As treatment applied (− 10.4, − 25.8% and − 27.2%). In lettuce, the biomass production was calculated at the mature stage when the leaves were large enough to be agriculturally profitable (Fig. 1b ). The root biomass decreased at As treatment of 0.1 mg L − 1 (− 15.10%) and 0.5 mg L − 1 (− 3.12%) but increased at 0.25 mg L − 1 As treatment (10.72%). The leaves displayed a positive biomass production with increasing As concentration (9.83, 15.08 and 28.25%).
Arsenic uptake by the plant parts
The As concentration in bean and lettuce are displayed in Figs. 2a and b, respectively. The As concentration in all plant parts, of both plants, increased with increasing As concentration of the irrigation water. In bean ( Fig. 2a ), As concentration of the roots remained the highest, in the control as well as in all three treatments (2601.2, 3727.6, 3855.8 and 4797.1 μg kg − 1 DW). The As concentration in all bean roots was significantly different. The lowest As concentration in As treated plants was in the bean fruit (9.7, 7.1 and 22.1 μg kg − 1 DW). Arsenic concentration in the stem and leaves at all treatments was significantly different. In lettuce (Fig. 2b) , the maximum As accumulation was observed in the roots (2139.6, 2704.9 and 4445.6 μg kg − 1 DW) and the minimum in leaves (301.1, 608.7 and 1207.5 μg kg − 1 DW). In the control plants and the 0.1 and 0.25 mg As L − 1 treated plants, the root As concentration is not significantly different, but at 0.5 mg As L − 1 treatment the root As concentration was significantly higher. In leaves, As concentration was significantly different in all cases. Plants irrigated with 0.5 mg As L − 1 had about two-fold higher As concentration than plants irrigated with 0.25 mg As L − 1 in both roots and leaves. This indicated that at a higher As concentration in the irrigation water (> 0.25 mg As L − 1 ) the As absorption and translocation by the plant increases.
Effect of arsenic on the investigated macroelements and microelements profile in the edible plant part
The change in concentration of essential macro and microelements in the bean fruit and lettuce leaves are listed in Table 2 and Table 3 , respectively. In both plants the Mg concentration decreased with increasing As treatment. Compared with the control, Mg concentrations decreased by 6.77 and 11.7%, in bean and lettuce, respectively, at 0.5 mg As L − 1 treatment. The Mg concentration of lettuce leaves was about three-fold higher than the bean fruit. In bean, P concentration increased up to As treatment of 0.1 mg L − 1 , but then decreased. Compared with the treatment at 0.1 mg As L − 1 , the P concentration declined by 18.05%. In lettuce the pattern was opposite, with P concentration initially decreasing at 0.1 mg As L − 1 and then increasing at higher As treatment. Compared with the treatment at 0.1 mg As L − 1 , the P concentration increased by 43.96%. Compared to control, K concentration in bean increased (13.6%), while in lettuce, K concentration decreased (28.86%), with higher As treatment applied. Fe concentration in both bean and lettuce increased significantly (16.39 and 125.8%, respectively) with higher As treatment, but in lettuce uptake was almost five-fold higher at 0.5 mg L − 1 . Mn shows an increasing tendency in both bean and lettuce (41.5 and 10.87%, respectively), but the increase is more pronounced in case of bean. Mn concentration of bean was three to five-fold higher than that of lettuce. In both bean and lettuce Cu uptake varied slightly at all treatments, but bean Cu concentration was seven to tenfold higher than lettuce Cu concentration. Zn concentration in bean showed an increasing trend while in lettuce it does not change significantly. Zn concentration of bean was almost ten-fold higher than that of lettuce.
Means with the same letters in each row are not significantly different according to Tukey's test at 5% level.
Transfer factor
The transfer factors for As in bean and lettuce are listed in Table 4 . In bean, the TF from root to shoot was 0.11- 0.18 and from root to fruit was 0.003-0.005. In lettuce, the TF from root to leaves was 0.14-0.24. The TF from root to shoot/leaves is similar in both plants, while to fruit is very less.
Discussion
Impact of soil texture on as uptake
Soil texture determines As availability to plants as As is more mobile and bioavailable in sandy soils than clay soils. Availability of As is lower in fine textured soil like clay or silt, due to higher surface area for binding (Sahoo & Kim 2013; Saifullah et al. 2018) . In soil, As availability is less due to association with sulphides, oxides/hydroxides of Al, Fe, and Mn, with Al-As and Fe-As complexes being the dominant chemical forms (Mirza et al. 2014 ). In the current study only 0.66% of As was water-soluble, which could be due to the high amount of Fe. Amorphous Fe oxyhydroxides have a high adsorption affinity for inorganic As and can control bioavailable-As (Otero et al. 2016 ).
Effect of different arsenic treatments on the bean and lettuce plants growth
In the present study, the root biomass of bean increased while the fruit and shoot biomass decreased on application of As concentration of 0.5 mg L − 1 . This indicates that bean fruit is sensitive to higher As concentration, while the roots can remain unaffected and can grow despite accumulating large amount of As. Similar results were obtained by Melo et al. (2009) in castor bean (Ricinus communis cv. Guarany) where no impact on the root and shoot biomass was observed at 0.5 mg L − 1 , and no toxicity symptoms were observable even at 5 mg L − 1 . But, Stoeva et al. (2005) reported a decrease in the overall bean dry mass as well as reduction in shoot and root length in Phaseolus vulgaris L. at As concentrations of 2 and 5 mg L − 1 . In lettuce, the growth trend was opposite with the biomass of leaf increasing and root decreasing. Koo et al. (2011) reported lettuce roots to be more sensitive to As exposure than the leaves. Lettuce grows well in contaminated soils, despite accumulating large amount of As, indicating higher tolerance to As (Gonzalez et al. 2013) . Similar results were also obtained by Arco- Lazaro et al. (2018) in lettuce where the plant accumulated As concentration as high as 1000 mg kg − 1 without any phytotoxic effect and slight biomass loss. This behavior could be due to the plant inability to differentiate between P and As, thereby up-taking high amount of As through P channels. Gusman et al. (2013a) also reported an increase in lettuce biomass when exposed to low amount of As. This biomass increase could be due to increase in photosynthetic rate, caused by P nutrition. Higher P intake may occur due to As-induced P deficiency since As competes with P for uptake (Gusman et al. 2013a) .
Arsenic concentration in the plant parts and transfer factor
In bean, As concentration of the fruit and root at the highest treatment was 22.1 μg kg − 1 and 4797.1 μg kg − 1 DW, respectively. Caporale et al. (2013) reported the As concentration in bean fruit in the range 0.64-1.08 mg kg − 1 DW while the roots contained 1.16-4.79 mg kg − 1 DW. Sadee et al. (2016) reported bean fruit As concentration to be 0.133 mg kg − 1 DW. The low bean fruit As concentration in our study could be due to lower As treatments applied and lower soil As. In lettuce, the leaf and root As concentration was 1207.5 μg kg − 1 and 4445.6 μg kg − 1 DW, respectively. Bergqvist et al. (2014) reported lower As concentration in lettuce leaves and roots (0.29 mg kg − 1 and 1.02 mg kg − 1 DW respectively), due to low soil As concentration of 2.2 mg kg − 1 . Higher values for lettuce leaf As were reported by Smith et al. (2009) (3.18 mg kg − 1 DW) in hydroponics, and Tremlova et al. (2017) (4.5 mg kg − 1 DW) in soil contaminated by mining and smelting (Tremlova et al. 2017 ).
In the present study, in both plants, the maximum As concentration was found in the roots and the minimum at the end of phloem distribution pathway (fruit or leaf). Similar observation has been reported in beans (Caporale et al. 2013 ), tomato (Carbonell-Barrachina et al. 1998 Stazi et al. 2016 ) lettuce and radish (Smith et al. 2009 ). Plants in general prevent toxic compounds from reaching photosynthetic tissues, and thus, As concentrations in roots are about 5-20 times higher than in shoots (Lindsay & Matthuis 2017) . Plants alleviate toxicity by binding As to the -SH (sulfahydryl) groups of thiols and sequester the As-PC (phytochelatin) complex in the root vacuoles, thus reducing the translocation to aerial parts (Ronzan et al. 2017) . In both bean and lettuce, increase in the As treatment applied caused an increase in the As concentration in all plant parts. The As concentration of the roots increased due to absorption. The stem As concentration was lower than the As concentration of both roots and leaves, indicating that a large portion of the absorbed As remained bound in the roots unavailable for translocation. As uptake and accumulation depends on the plant habitat, species and on morphological features like root length and diameter, and root hair (Abedin et al. 2002; Farooq et al. 2016) . The amount of As in the edible part is proportional to the amount present in the roots, indicating that As translocation to the fruit and leaves depended on the amount present in the roots and shoot. Lettuce has higher As concentration in edible part as compared to bean due to broader leaf area and higher transpiration which results in significant translocation and accumulation of metals and metalloids (Chang et al. 2014) . Ramirez-Andreotta et al. (2013) reported that there was significant correlation between As uptake in the edible tissue of vegetables families and the level of As in the soil for some plant families like Asteraceae (lettuce) and Fabaceae (bean).
Transfer factor is a measure of the plants efficiency to transport an element from root to shoot. On the basis of literature data (Melo et al. 2009; Stazi et al. 2016 ) and our results, it can be stated that the root: fruit TF values generally are very low (0.001-0.1), because As bioaccumulation in hazardous amounts rarely occurs in plants due to its phytotoxicity (Warren et al. 2003) . In case of leafy vegetables, the root: shoot TF values are in the range of 0.1-0.7 (Tremlova et al. 2017; Bergqvist et al. 2014) . Low TFs could be a mechanism of the plants to prevent the photosynthetic tissues from being damaged (Uroic et al. 2012; Bergqvist et al. 2014) .
Recommended maximum as concentration in irrigation water
Human exposure to As via plants depends on the ability of plant to uptake and translocate As to the edible parts as well as on the amount consumed and frequency of consumption (Huang et al. 2006) . The FAO-WHO recommended maximum tolerable daily intake (MTDI) limit for As is 2.1 μg kg − 1 body weight (FAO-WHO 1988), thus the daily intake limit for a person weighing 70.8 kg would be 142 μg. Arsenic accumulation in the bean fruit was much lower than in the lettuce leaves (22.1 μg kg − 1 and 1207.5 μg kg − 1 DW), respectively, at 0.5 mg L − 1 As treatment. If a person consumes 450 g (FW, 80% moisture) of bean or lettuce then their total As intake would be 1.98 μg from bean and 108.7 μg from lettuce, respectively. Considering the daily intake limit, in case of beans the value is within the permissible limit but in case of lettuce the value borders the permissible limit. If the As intake from water, milk, cereals and other foods are considered then the As consumption from lettuce would be very high. In bean, the biomass production decreased beyond treatment dosage of 0.1 mg L − 1 (as mentioned in subchapter 3.2) thus, it would be profitable to grow beans at not more than 0.1 mg L − 1 As concentration. Lettuce at 0.5 mg L − 1 As treatment produced the maximum biomass but considering the MTDI limit, it would be harmful to consume lettuce irrigated at As concentrations higher than 0.1 mg L − 1 . Therefore, it is recommended for farmers that growing lettuce or other leafy vegetables in a calcareous sandy soil with irrigation water containing As concentration of more than 0.1 mg L − 1 carries a contamination risk.
Effect of arsenic on the investigated macroelements and microelements profile in the edible plant part
Arsenic causes toxic effect in the plant by producing reactive oxygen species (ROS) which damage the cell membrane, hinder metabolism, reduce growth and alter the nutrient balance (Koo et al. 2011; Gusman et al. 2013b) . In our study, the Mg concentration of the bean fruit and lettuce leaf decreased with higher As treatment. Mg, the central atom in the chlorophyll molecule and helps in counteracting As toxicity, is required for enzyme activation, phosphorylation and photosynthesis (Marshner 1998) . Carbonell-Barrachina et al. (1998) also reported a similar decrease in tomato leaf Mg concentration. Quanji et al. (2008) reported an increase in Mg translocation to the shoots and leaves of wheat when supplied with higher As treatments. P concentration decreased in bean fruit and increased in lettuce leaves with higher As treatment. P is a major macronutrient for plant growth and is involved in key functions like energy transfer, photosynthesis and nutrient movement in plant (Marshner 1998) . Decrease in P concentration has also been observed in rice (Quanji et al. 2008 ) while in Ipomoea aquatica no change was observed ). The change in P concentration in bean fruit and lettuce leaf is probably due to change in their respective biomass production. K concentration in the bean fruit increased while in lettuce leaves it decreased. K is essential for cell division, cell turgor, electroneutrality and strong stems (Haque et al. 2009; Gusman et al. 2013b ). The increase in K concentration in bean fruit could be due to synergistic relation between inorganic As compounds and K in the soil solution to maintain ionic balance. It could also be because plants maintain a relatively constant supply of 3 g kg − 1 of K to the grains and seeds, even in deficiency conditions (Marshner 1998; Quanji et al. 2008) . Fe concentration in both bean and lettuce increased with increasing As treatment. Fe is an essential plant nutrient having high As affinity and thereby acting as As sink. Fe in leaf tissues is involved in protein and chlorophyll synthesis, which explains the higher Fe content of lettuce leaves (Marshner 1998) . Similar behavior was observed in lettuce plants by Gusman et al. (2013b) . Low P might help mobilize Fe in shoot thereby maintaining the chlorophyll index. The increase in Fe could also be due to Fe-plaque formation on the root surface, which acts as a As sink (Gusman et al. 2013b) . Mn shows an increasing tendency in both bean and lettuce, but the increase is more pronounced in case of bean. Mn is involved in the activity of certain enzymes and in photosynthesis. reported an inverse relationship between Mn and As in Ipomoea aquatica. Cu concentration in both plants varies slightly at all treatments, but bean Cu concentration is much higher than lettuce. Cu plays a role in photosynthesis, respiration, C and N metabolism, protection against oxidative stress and acts as a catalyst of redox reactions. Similar results for Cu concentration have been observed in lettuce and potato by Khan et al. (2019) . Zn concentration in bean shows an increasing trend while in lettuce it does not change significantly. Zn impacts transpiration, enzyme activation and protein synthesis (Marshner 1998 ). This trend was also observed in lettuce leaves and potato (Khan et al. 2019 ) and rice grains (Dwivedi et al. 2010) . High Zn in bean fruit could be due to high presence of Zn in phloem sap.
Conclusions
From the current study it can be concluded that lettuce leaves have higher As concentration as compared to the bean fruit. On the basis of the MTDI, at 0.5 mg L − 1 As concentration in the irrigation water, the As intake from bean would be very less, but the As intake from lettuce could exceed the daily intake limit. Thus, it would be safe to consume bean harvested at all treatment levels employed in this study, but lettuce cultivated at concentrations higher than 0.1 mg L − 1 could be harmful. Increase in As concentration of the irrigation water caused an increase in the As accumulation in both plants, with the maximum As concentration occurring in the roots and the minimum in the bean fruit. Lettuce accumulated higher amount of As without any phytotoxic symptoms or any impact on the plant biomass, but in bean the edible biomass productivity decreased. No significant changes were observed in the concentration of the essential macro and microelements possibly due to the low level of As treatment applied. Considering the As concentration in edible plant parts and biomass productivity, it is recommended to cultivate bean and lettuce with irrigation water having a maximum As concentration of 0.1 mg L − 1 . These observations are valid only for calcareous sandy soil used in this study. Further investigation will be extended to a variety of vegetables and soil types to help establish a database for the farmers, so that they can make an informed decision while choosing a plant for cultivation. 
